Background: Diabetes mellitus is a leading cause of illness and death. Respiratory muscle endurance is of interest in pulmonary, critical care and many other areas of medicine. Reduced muscle strength has been reported in diabetic patients.
Introduction
Diabetes mellitus is a leading cause of illness and death. Respiratory muscle endurance is of interest in pulmonary, critical care and many other areas of medicine. Reduced muscle strength has been reported in diabetic patients. Bilateral or unilateral diaphragmatic paralysis has been observed in diabetic patients [1, 2] . In addition, Meo et al conducted a study and determined the respiratory muscles endurance by a direct MVV test during inspiratory and expiratory phases of respiration by using a MP-100 student Bio Pac system [3] . They reported that the respiratory muscles endurance was impaired, and a greater perception of respiratory exertion was noticed in diabetic patients relative to their matched controls. Moreover, breathlessness on exertion and
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Research Article orthopnea in association with Type 2 diabetes mellitus has been also reported [4] . Diabetes mellitus is also associated with poor skeletal muscle strength due to increased protein catabolism [5] . For this reason respiratory muscle endurance also decreases in diabetes mellitus [6] .
The increased ratio of FEV1/ FVC (%) in diabetic patients of longer duration is due to disproportionate reduction of FVC and FEV1, which indicate that long-standing hyperglycemia may cause predominantly restrictive type of lung disorder. All these changes may be due to glycation of the chest wall and bronchial tree protein. This is further supported by negative correlation of FVC and FEV1 and positive correlation of FEV1/FVC% with longer duration of diabetes. The negative correlation of FVC and FEV1 with duration of diabetes indicate that long standing hyperglycemia may intensify the devastating effect of the disease [6] .
The present study was designed to observe the effect of diabetes mellitus on lung function and respiratory muscle power in patients with diabetes mellitus belonging to specific society namely Sudanese in the center of Sudan.
Materials and Methods
A cross sectional study was conducted to measure the respiratory muscle power in 31 diabetic patients (case group) and 30 non-diabetics patients (control groups) in Khartoum state in Sudan. The study was conducted in The National Ribat Teaching Hospital and Jabir Abualiz Specialized Diabetes Center which are located in Khartoum state-the capital of Sudan. This study group includes all Sudanese diabetic patients attending to the diabetic clinics in The National Ribat Teaching Hospital and Jabir Abualiz Specialized Diabetes Center during the period of study. Age range from 20 to 75 years, and mean duration of disease was 10.60 ± 1.11 years. Their duration of disease ranged from 1 to 30 years. Patients with diabetes were individually matched with controls for age, height and weight. Matching between both groups was within ±3 years for age, ±4 centimeters for height and ±5 kilograms for weight. Overall, there were no significant differences in anthropometric means in combined or stratified data. Age and height were given more emphasis for matching, as these two relate better to lung function than weight. 11 Controls were selected from a similar community with the same socioeconomic status relative to patients with diabetes. All subjects had never smoked. All subjects completed a questionnaire, which included anthropometric data and a consent form. Subjects with gross abnormalities of the vertebral column or thoracic cage, known history of acute or chronic respiratory infections, neuromuscular disease, malignancy, cardiopulmonary disease or a history of major abdominal or chest surgery were excluded from the study. In addition, subjects with current or previous drug or tobacco (smoked or chewed) addictions were excluded. Patients with complications of diabetes such as neuropathy, nephropathy and retinopathy were also excluded from the study.
Technique of Maximal Expiratory Pressure (MEP)
Respiratory muscle power was measured by using Respiratory Pressure Meter device (MicroRPM).The MicroRPM brings together the measurements of Maximum Inspiratory and Expiratory Mouth Pressures (MIP/MEP) with Sniff Nasal Inspiratory Pressure (SNIP) in one instrument. The MicroRPM is easy to use, operated by a simple three setting slide bar (Off, MIP/ MEP, SNIP) and comes in a sturdy carry case. It is battery operated with a clear digital display of the results in CmH2O, using the latest piezo resistive pressure sensing technology for accurate and reliable measurement; see figure (1) . Maximal Expiratory Pressure at the mouth is measured at TLC (Total Lung Capacity), lungs full. The patient was asked to blow through the mouth piece starting from maximum lung capacity. Patient inhales air as maximum as possible, then forcibly blows through the mouth piece for at least 5 seconds. The maximum expiratory mouth pressure will be displayed digitally in cm/H2O. After explaining the steps of the test to the patients, the maneuver was repeated three times with a suitable 1 or 2 minute recovery period between efforts and the best reading was taken as the value of expiratory muscle strength. 
Data analysis
Data was analyzed by Statistical Package for Social Science (SPSS) version 20 and any significance different between case and control groups in respiratory muscle power were identified by using t-test among sociodemographic and medical characteristic. Data had been displayed by tables and histogram.
Ethical clearance
Ethical clearance was obtained from the scientific committee of the university and from the Hospital and informed consent was taken from the patients.
Results
Statistical test to confirm the data normality was carried out and the data was found to be normally distributed by kolmogorovsmirnov test.
In this study 61 adult subjects were included, 54.10% (34) male and 45.9% (27) female. 31 diabetic (17 males and 14 females) and 30 control (17 male and 13 female). (2) showed that most of the subjects 37.7% (23 subjects) were in the age group 51-60 years, 32.8 % (20 subjects) were in the age group 41-50 years and 29.5% (18 subjects) were in the age group 30-40 years. Table ( 2) Summarizes the comparison of the maximum expiratory pressure between diabetic patients with duration of disease 1-10 years and their matched control group. However, diabetic patients showed significant reduction in PEFR and MEP. Table ( 3) Summarizes the comparison of the Maximum expiratory pressure (MEP) between diabetic patients with duration of disease 1-5 years and their matched control group. However, diabetic patients showed a significant reduction in PEFR and MEP.
Diabetic patients showed significant reduction in MEP 71.8 +-7 compared to control 101.03 + -4.7. There was no significant difference in pulmonary function and anthropometric data . Patients, who perform exercise, walk for half an hour, but not regularly. However, three patients with duration of disease more than 10 years perform exercise (walking) for at least one hour daily for more than 10 years. (Table 4 Depending on exercise performance diabetic patients with exercise performance revealed a significant increase in MEP compared with those without exercise.
There was no significant difference among the means of MEP between the diabetic patients with exercise performance compared with their matched control as shown in table (5). .84 Ns 
Discussion
This study was conducted among type II diabetic patients (31) and their control (30). The main findings from this study reveal that the respiratory muscle power of the diabetic patients was markedly reduced in relation to their control.
Diabetic patients with duration of disease from 5 to 10 years revealed a significant reduction (p value < .o5) in their MEP (71.8 +-7) compared to their control group (101.3+-4.7). In this study the respiratory muscle power of diabetic patients tends to decrease with the increased duration of the disease. This is in accordance with findings of Park Sw et al who reported that diabetes mellitus is associated with poor skeletal muscle strength due to increased protein catabolism [5] . According to exercise diabetic subjects without exercise performance showed significant reduction in respiratory muscle power (69.3+-5.8) compared to diabetic patients with exercise performance (97.9+-8.4). On the other hand there was slight increase (not significant) in pulmonary function data. This is in agreement with the findings of Leem Romer et al who reported that in athlete' s racing bicycle, respiratory muscle power was increased by 35 W every 3 min starting from 95 W [7] . No significant values were obtained in diabetic patients with vitamin supplementary on the pulmonary function tests and respiratory muscle power compared with diabetic patients without vitamin supplementary. As the number is limited, more diabetic should be included in another study.
Conclusion
This study has shown that type II DM decreases the respiratory muscle power which could be predisposing to more respiratory problems. Exercise and well control of diabetes helped in preserving normal respiratory muscle power. This could be considered a pilot study and more investigation of more numbers of DM with different duration of disease and level of exercise needs to be performed. A short study to needed to follow the outcome of DM and RMP in relation to pulmonary problems. The study should be repeated by measuring inspiratory muscle power (MIP), as MEP reflexes the expiratory muscle power only. Continuous reasonable exercise with good control is highly recommended for all diabetics.
